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Abstract.  The aim of this study was to extract the carotenoids from the sepals of Physalis 
Alkekengi L. and to use cellulases and hemicellulases from the beginning of the extraction for better 
extraction. The concentration of the enzymes used was different also the time of hydrolysis. Total 
carotenoid content was measured using the spectrophotometric method. HPLC-DAD was used to 
determine the carotenoid profile for the extracts. HPLC Analysis of the extract indicates that the 
original carotenoid profile is not altered. The enhanced extraction system appears to be very 
competitive when compared to the classical extraction using solvents.  
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INTRODUCTION 
 
Carotenoids are natural pigments, produced by higher plants, some bacteria and algae 
with important antioxidant properties. Carotenoid xanthophylls are found in higher plants in 
esterified form.  
Carotenoids have attracted many researchers since they were first isolated from carrots 
and total production of carotenoids in nature has been estimated to be about 100 million tons 
per year (Bauernfeind, 1981). 
Cellulase refers to a class of enzymes produced by fungi, bacteria, and protozoan that 
catalyze the  hydrolysis of cellulose. However, there are also cellulases produced by other 
types of organisms such as plants and animals. Hemicellulase is a mixture of enzymes which 
can hydrolyze the indigestible components of plant fibers.  
Carotenoids extracted from plants are widely used as natural food colorants due to 
their tinctorial properties and their important biological functions. Among other plant species, 
Physalis alkekengi L. sepals represent rich sources of carotenoids (Foldesi and Zambo, 1997; 
Ulchenko et al., 1995).  
Aravantinos-Zafiris et al. reported an enzyme preparation for the orange peel 
maceration, but the pigments were released by hexane extraction. Delgado Vargas and 
Paredes Lopez reported the use of commercial enzyme for the extraction of carotenoproteins 
from marigold flowers and quantification was done with the hexane. Inci Çinar used cellulose 
and pectinase to enhance carotenoids from orange peel, sweet potato and carrots. Chakrabarti 
used trypsin, pepsin and papain to extract carotenoprotein from brown shrimp.  
Enzymatic extraction used for carotenoids from different matrices is a relatively new 
procedure. In the literature they are very limited work regarding enzyme concentrations used.  
The aim of this study was to compare the yield of carotenoid extraction, using 
different enzyme concentration at different hydrolysis time. 
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MATERIALS AND METHODS  
 
The Physalis alkekengi L. sepals were collected from didactic collection of 
Horticultural Faculty from our University. The samples were collected when the sepals where 
fully maturated (orange colour).   
Commercial cellulase from Aspergillus sp. And hemicellulase were purchased from 
Sigma-Aldrich. 1 g of Physalis Alkekengi L. sepals were homogenized with 100 ml sodium 
acetate buffer, pH 5.  0.5 ml commercial cellulose and 0.2 g hemicellulase enzymes were 
added to this mixture. Samples were stirred on a brand magnetic stirrer at medium speed for 
24 h at 37 °C. After 24 h enzyme treatment, a mixture of methanol/ethyl acetate/petroleum 
ether (1:1:1, v/v/v) containing BHT as antioxidant was added to the enzymatic mixture. After 
2 hours of extraction, at room temperature, the extract was washed two times with diethyl eter 
in a separatory funnel. The organic layer containing carotenoids was dried over anhydrous 
sodium sulphate and evaporated to dryness. The samples were kept under nitrogen, at – 20º C 
until further utilization. 
The carotenoids content was estimated spectrophotometrically, at 450 nm using a 
Shimadzu UV-2102 PC Scanning Spectrophotometer. 
HPLC-DAD of all samples was performed on a system with Waters 990 PDA detector, 
Kontron pumps and controller, and a reversed phase C 18 column Zorbax ODS (250 x 4.6 
mm), 5 µm. The mobile phase consisted of mixtures of acetonitrile: water (9:1, v/v) with 
0.25 % triethylamine (A) and ethyl acetate with 0.25 % triethylamine (B). The gradient started 
with 15 % B to 50% B at 16 min. The percent of B continued isocratically up to 60 minutes. 
The flow rate was 1 ml/min. The chromatograms were monitored at 450 nm. 
Carotenoid concentration in this study was determined by spectrophotometric method. 
Absorbance was measured at 450 nm. Absorbance values of samples were converted to 
percentage retention for accurate comparison among the treatments. 
Different amounts of enzymes were added as shown in Table 1.  
Tab. 1 
Amount of enzymes (cellulases and hemicellulases) used 
 
 
To assess the effects of cellulase and hemicellulases concentrations and time on the 
different amounts of enzymes were applied to the sepals of Physalis Alkekengi L.  For this 
experiment, 1 g of sample was prepared and homogenised. Triplicate samples were prepared 
for each treatment. After extraction was completed, absorbance values were measured and 
variations between the batches were compared. 
 
RESULTS AND DISCUSSION 
 
The total carotenoids content from the sepals of Physalis alkekengi L. were calculated 
according to the formula (Britton et al., 1995): 
  
X (mg carotenoids) = (A x V x 1000)/ (2500 x l x 100) 
Sample Treatment Cellulase 
ml/100g 
Hemicellulase 
g/100 g 
 
Physalis alkekengi L. 
sepals 
A 
B 
C 
0.5 
0.5 
0.8 
0 
0.2 
0.4 
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where: 
  A  = the sample absorbance  at  λmax = 450 nm 
  V  =  sample volume (ml) 
        2500 = molar absorbtion coeficient for carotenoids (E1%) 
    l = 1 cm – the lenght of spectrophotometer cuve 
 
For the sepals extracted with mixture of solvents (without enzyme) we have obtained 
19.81 mg/g dry weight according to the formula. 
After that, the extract was injected to the HPLC-DAD to see the caroteoids profile. 
The system gradient was described in material and method. 
In figure 1 is presented the chrotmatogram for the carotenoids extract from Physalis 
alkekengi L.  
One part of the extract obtained after the extraction with mixture of solvents, was 
dissolved in petroleum ether and separated on column chromatography, stationary phase 
being aluminum oxide. For removing the neutral lipids, the column was washed twice with 
petroleum ether. The carotenol esters were eluted with 2 % and 5% diethyl ether in petroleum 
ether and we obtained two different fractions corresponding with β-criptoxanthine and 
zeaxanthine esters. These fractions were injected to the HPLC-DAD.  
In figure 2 and 3 are presented the chromatograms for the carotenol etsers. 
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Fig. 1. The chromatogram of carotenoids extract from the sepals of Physalis alkekengi L.  
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Fig. 2. The chromatogram of zeaxanthin esters 
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Fig. 3. The chromatogram of β-criptoxanthin esters 
 
 
In this way we demonstrated that the mainly carotenoids identified in the seplas were: 
ß-caroten, β-criptoxanthine and zeaxanthine esters. After the enzymatic hydrolisis, we 
injected the samples in the HPLC and we saw that the carotenoid profile is the same. 
The time for the hydrolysis was different: 3 hours and 24 hours. 
In the case of enzymatic hydrolisis for 3 hours, after the calculation of total carotenoi 
content no increase of the yield was observed.  
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Fig 4. Total carotenoid content in the sepals after the enzymatic hydrolysis 
 
CONCLUSIONS 
 
We obtained that total carotenoid content in the sepals of Physalis alkekengi L. is 
19.81 mg/d dry weight. The mainly carotenoid identified with HPLC-DAD were: ß-caroten, 
β-criptoxanthine and zeaxanthine esters.  
For the enzymatic hydrolisis we used two enzymes: cellulases and hemicellulase 
following the concentration named A, B, and C (table 1). The time for hydrolisis was 3 and 24 
hours. 
In the case of 3 hours no changes for total carotenoids were observed. 
When we used 0.5 ml/100 g cellulases and 0.2 ml/100 g hemicellulases (treatment B) 
total carotenoid was 20.9 mg/g dry weight. In the case of treatment C (0.8 ml/100 g cellulases 
and 0.4 ml/100 g hemicellulases) the results show 25.24 mg/g dry weight. 
All the samples were injected to the HPLC and no differences in the carotenoid profile 
were observed. 
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